Objective: Osteopontin (OPN) has been found to be valuable in diagnosis and predicting the prognosis of a variety of malignancies. The aims of the present study are to evaluate the usefulness of plasma OPN level for predicting gastric cancer development, invasion and survival. Patients and Methods: One hundred and thirty two gastric cancer patients and 93 healthy controls were enrolled. Real-time quantitative reverse-transcription polymerase chain reaction and immunohistochemical staining were used to detect OPN expression in gastric cancer tissues. Plasma levels of OPN were measured by enzyme-linked immunosorbent assay. Plasma OPN levels were compared with gastric cancer development, clinicopathological features and outcomes. Results: Expression of OPN mRNA was significantly higher in gastric cancer tissues compared with nontumour tissues. Most OPN immunoactivity was localised to cancer cells. The median plasma OPN level was significantly higher in patients than in controls (p,0.0001), and significantly higher in patients with advanced stages, serosal invasion, lymph node metastasis, lymphatic invasion, venous invasion and liver metastasis. Logistic regression showed that high plasma OPN level (greater than 67.3 ng/ml) is significantly associated with advanced stages, serosal invasion, lymph node metastasis, lymphatic invasion, venous invasion and liver metastasis. Plasma OPN level demonstrated significant association with patient survival (p,0.0001), especially in the subgroups with invasive phenotypes. On Cox multivariate analysis, elevated plasma OPN level was an independent risk factor for poor survival (p,0.0001). Conclusions: Elevated plasma OPN level is significantly associated with gastric cancer development, invasive phenotypes and survival. Plasma OPN level may have potential usefulness as a diagnostic and prognostic factor for gastric cancer.
G astric cancer remains a leading cause of cancer mortality, despite a worldwide decline in incidence. In Asian countries, gastric cancer is one of the most prevalent tumours and the leading cause of cancer death. 1 In the Western world, more than 80% of gastric cancer patients have advanced cancer on diagnosis with poor prognosis. 2 Complete resection of the tumour and adjacent lymph nodes is the only proven, effective curative treatment. 3 Unfortunately, the accuracy of current preoperative staging is limited, particularly for depth of invasion, lymph node involvement and distant metastasis. 4 Developing new biomarkers to identify the subgroup of gastric cancer patients with invasive phenotypes will be helpful for avoiding inappropriate attempts at curative surgery.
RNA-based global gene expression strategies are powerful approaches to identifying new cancer markers. Two studies using these strategies have suggested that osteopontin (OPN) is a potential marker for gastric cancer invasiveness. 5 6 Lee et al 5 used cDNA microarrays to identify differentially expressed genes in gastric cancer tissues and their surrounding gastric mucosa tissues and found 55-fold OPN overexpression in gastric cancer tissues. Using a highly metastatic gastric cancer cell line model, Fukui et al. found that OPN expression in liver metastatic variant cells is 2.7-10.2 times higher than in the parent cells. 6 In an immunohistochemical staining study, coimmunoreaction of OPN and its receptor, CD44v9, in gastric cancer tumour cells correlated with the degree of lymphatic vessel invasion and lymph node metastasis. 7 Recent studies have consistently reported that OPN mRNA and protein expression in cancer tissues is closely related to invasion and metastasis of gastric cancer. 8 9 OPN tissue expression and plasma levels have been reported to be diagnostic tumour markers and correlate well with prognosis for a variety of malignancies. [15] [16] [17] [18] However, the application of plasma OPN level as a biomarker for gastric cancer has not been investigated. In the present study, we evaluate the usefulness of plasma OPN level for predicting gastric cancer development, invasion and survival.
PATIENTS AND METHODS

Study subjects
Since January 1998, blood samples have been prospectively collected from individuals participating in two national projects to investigate the risk factors of gastric cancer in Taiwan (the National Taiwan University Hospital cohort). All patientderived specimens were collected and archived under protocols approved by the institutional review boards of the parent institutions. A full verbal explanation of the study was given to all participants. They consented to participate on a voluntary basis. Patients with newly diagnosed gastric cancer undergoing gastrectomy in the inpatient unit and outpatient cancer clinics of four major medical centres in Taiwan were enrolled. Inclusion and exclusion criteria were detailed previously. 19 20 Gastric adenocarcinoma was histopathologically confirmed by surgical specimens. No patients in this study had been prescribed chemotherapy before surgery, and there was no evidence of any other malignancy. In total, we studied 132 consecutive patients with gastric cancer, for whom complete Abbreviation: OPN, osteopontin clinical data and a plasma sample were available. All recruited patients had been followed up for at least 5 years.
Control blood samples were obtained from 93 individuals who visited health examination clinics with minimal gastritis or normal appearance of the gastric mucosa on gastroscopic examination. The controls were matched by age (¡3 years) and date of blood collection (¡3 months).
To verify the diagnostic and prognostic values of plasma OPN level, we used an independent cohort including 39 patients and 50 health controls from Taichung Veterans General Hospital (the VGH validation cohort). The controls were matched by age (¡3 years) and date of blood collection (¡3 months). We used the same inclusion and exclusion criteria as the first study cohort.
Real-time quantitative reverse transcription polymerase chain reaction Detection of OPN mRNA in gastric cancer tissues and surrounding non-tumour tissues was performed using the method and primer sequences described in the manufacturer's instructions. OPN primers and probes were purchased from ABI (Applied Biosystems, Foster City, California, USA). Total RNA was isolated using Trizol reagent, and 2 mg of RNA from each sample were reverse transcribed using SuperScript II RT (Invitrogen, Carlsbad, California, USA) in total reaction volume of 20 ml. One microlitre of reverse-transcription product (cDNA) was amplified by polymerase chain reaction (PCR) with Taq DNA polymerase. Expression of TBP for each template was detected in the same PCR run as an internal control for efficiency of reverse transcription and amount of RNA. There were a total of 35 PCR cycles, with each cycle consisting of a denaturation step (95˚C for 1 min), an annealing step (60˚C for 1 min) and an elongation step (72˚C for 1 min).
Immunohistochemical analysis
Tissue sections from gastric cancer samples were deparaffined in xylene and rehydrated in ethanol, then immersed in 3% hydrogen peroxide-methanol solution for 10 min at room temperature to inhibit endogenous peroxidase activity. Sections were washed twice in phosphate-buffered saline (PBS) buffer for 5 min, and placed in 10% non-immune serum (goat) for 10 min. Sections were then incubated with mouse anti-OPN monoclonal antibodies (Novocastra Laboratories Ltd, Newcastle upon Tyne, UK) at a dilution of 1:50 overnight at 4˚C, and washed twice in PBS, before being incubated in appropriate biotinylated secondary antibody for 10 min. The sections were washed again in PBS twice for 5 min. Slides were incubated in streptavidin/peroxidase conjugate (Zymed Laboratories, Inc.) for 10 min, before being washed twice in PBS for 5 min. Slides were subsequently incubated in DAB (3-39-diamono-benzidine) solution for 5 min, then washed in water, counterstained with haematoxylin for 2 s, washed thoroughly in running tap water, dehydrated and mounted.
Measurement of plasma OPN concentration OPN Quantikine ELISA kits were purchased from R&D Systems Europe (product code DOST00). This assay kit precoats a monoclonal antibody specific for OPN onto a microplate to bind OPN in the samples. The sensitivity limit of the assay was 0.011 ng/ml. Plasma OPN concentrations were measured in samples prepared in tubes coated with lithium heparin. All samples were preserved at 280˚C. Plasma samples were diluted and the immunoassays were performed following the manufacturer's instructions. All assays were duplicated. A subset of samples was reassayed six times in every ELISA plate for quality control. The inter-assay variability was 4.8%.
Statistical analysis
The relative measures of OPN expression, 2
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, on real-time RT-PCR in gastric cancer tissues and surrounding non-tumour tissues were compared using paired Student's t-test on logtransformed values. The demographic characteristics of patients and controls were compared using the x 2 -square test and Student's t-test. Because of the non-Gaussian distribution of data for the plasma OPN levels in study subjects, the differences in plasma OPN values were compared using a nonparametric Mann Whitney U test. Analyses of nonparametric receiveroperating characteristics (ROC) were performed to calculate the cutoff values according to the most accurate value obtained. Logistic regression analyses were conducted to evaluate the associations between plasma OPN levels and clinicopathological features of gastric cancer patients. To determine whether plasma OPN concentration is an independent prognostic factor for survival, hazards ratios were calculated using the Cox proportional hazards model. Data were analysed via the SPSS program for Windows, version 11.0 (SPSS Inc., Chicago, Illinois, USA). Analyses of nonparametric ROCs were performed via the STATA program for Windows, version 8.0 (Stata Corporation, College Station, Texas, USA).
RESULTS
OPN expression in gastric cancer tissues
To validate overexpression of OPN in gastric cancer, gastric cancer tissues and surrounding non-tumour tissues were examined using real-time RT-PCR with non-tumour tissue of sample 10 as the reference. Significantly higher OPN expression was observed in the 11 samples of gastric cancer tissues compared with their surrounding non-tumour tissues (p,0.0001) (fig 1) .
Immunohistochemical staining was performed to localise OPN expression in gastric cancer tissues. OPN immunoreactivity was not observed in the epithelium or stroma of the healthy gastric tissues. In atrophic gastritis, mild OPN immunoreactivity was found in epithelial cells, but not in stromal cells. In gastric cancer tissues, most positive staining was localised to the cancer cell cytoplasm with diffuse staining pattern ( fig 2) .
Associations between plasma OPN levels and occurrence of gastric cancer Plasma OPN levels were analysed in 132 gastric cancer patients and 93 controls. There were no age or gender differences between gastric cancer patients and controls. The median plasma concentration of OPN was significantly higher in gastric cancer patients than in control subjects (78.6 vs 55.6 ng/ml, p,0.0001). To further examine the predictive values of plasma OPN levels, cutoff values were calculated on analyses of ROCs, according to the most accurate value obtained, and predictive probability was determined. Gastric cancer occurrence, serosal invasion, lymph node metastasis and liver metastasis could be predicted with accuracies of 63.6%, 62.9%, 65.2% and 83.3%, respectively (table 1) .
In subjects who were Helicobacter pylori seropositive, the accuracies of plasma OPN to predict gastric cancer occurrence, serosal invasion, lymph node metastasis and liver metastasis were 65.2%, 63.0%, 65.4% and 87.7% respectively. Plasma OPN did not have significantly better diagnostic value in subjects who were H pylori seropositivity (table 1) . We also evaluated the potential interaction between H pylori serology and plasma OPN level. We found the medians of plasma OPN levels between patients with gastric cancer who were H pylori seropositive and H pylori seronegative were not significantly different (table 2) .
Associations between plasma OPN levels and clinicopathological characteristics of gastric cancer We then compared plasma OPN levels among gastric cancer patients with different clinicopathological features. Median plasma OPN concentrations were significantly higher in patients with advanced stages (stage III, p = 0.003; stage IV, p,0.001), serosal invasion (p = 0.017), lymph node metastasis (p = 0.003), lymphatic invasion (p = 0.003), venous invasion (p = 0.035), and liver metastasis (p = 0.002) (table 2). Among the patients with lymph node metastasis, those with pN2 or pN3 stages had a higher median plasma OPN levels than those with pN1 stage (table 2) .
To examine the predictive value of plasma OPN for different clinicopathological characteristics, we conducted logistic regression analyses. We defined elevated plasma OPN levels according to the best predictive values calculated on ROC analyses for serosal invasion (.78.6 ng/ml), lymph node metastasis (.73.0 ng/ml), liver metastasis (.111.2 ng/ml) and used the criteria .67.3 ng/ml for analyses of other parameters. 
Validation of the diagnostic and prognostic values
To assess the robustness of plasma OPN level as a diagnostic and prognostic factor in gastric cancer, we used an independent set of blood samples (the VGH validation cohort) to validate the results. We found that patients with gastric cancer had significantly higher median plasma OPN level compared with controls (p,0.001). If we used the same cutoff value at 67.3 ng/ ml, the sensitivity was 82.1% and specificity was 78.0%.
Median plasma OPN concentrations were significantly higher in patients with stage II (p = 0.048), stage III (,0.001), stage IV (p = 0.003), serosal invasion (p = 0.002), lymph node metastasis (p = 0.002), lymphatic invasion (p,0.001), and venous invasion (p = 0.001) (table 7). Because the VGH validation cohort patients are followed shortly, we do not have sufficient survival data to conduct Cox proportional hazard analysis.
DISCUSSION
In the present study, we demonstrated that plasma OPN level is a potential new biomarker for gastric cancer development, invasion and survival. To the best of our knowledge, this is the first study to investigate the diagnostic and prognostic values of plasma OPN levels in gastric cancer. The usefulness of elevated plasma OPN level as a diagnostic marker has been reported in a variety of malignancies, including ovarian, colon, breast, lung, prostate, pancreatic and oesophageal cancers. [15] [16] [17] [18] Fedarko et al. used competitive ELISA to detect 20 serum samples from different types of cancer, including colon, breast, lung and prostate cancer. 17 The sensitivities and specificities of elevated serum OPN level were, respectively: 65.0% and 55.7% for colon cancer; 74.1% and 55.7% for breast cancer; 94.7% and 55.7% for prostate cancer; and 100% and 55.7% for lung cancer. 17 In pancreatic cancer, the sensitivity and specificity of elevated serum OPN level were 80% and 97%, respectively. 15 In oesophageal cancer, high plasma OPN level was found in 68.9% of patients. 18 In ovarian cancer, elevated plasma OPN level showed specificity of 80.4% and sensitivity of 85.4% for late-stage cancer. 16 In the present study, plasma OPN level at a cutoff value of 67.3 ng/ml predicted the occurrence of gastric cancer with sensitivity and specificity of 58.3% and 69.9%, respectively. Combination with H pylori serology did not improve the accuracy of this assay. However, the sensitivity and specificity were 82.1% and 78.0% respectively in the VGH validation cohort. The different stage distribution may contribute to the discrepancy between these two study populations. In the National Taiwan University Hospital cohort, about half the patients were stage III (30.3%) and stage IV (20.5%). In contrast, more than three-quarters of the VGH validation cohort patients were stage III (51.3%) and stage IV (25.6%). Like other tumour markers, plasma OPN level has higher sensitivity to detect cancer development in a population with more advanced stage disease.
The role of OPN in tumourigenesis can be explained by the multiple functions of OPN in cells. 21 Several mechanisms have been proposed through studies using cultured cells. First, it is recognised that OPN has adhesive activity because its receptors all mediate cell adhesion. Second, the ability of cells to migrate may be directly tied to their tumourigenicity and OPN promotes the migration of diverse cells, including monocytes, macrophages and tumour cells, along OPN gradients. 22 In addition, OPN-deficient cells are reported to be hypomotile. 23 Third, some experiments suggest that OPN inhibits apoptosis and stimulates survival and growth of cells with inducible OPN, 24 or with the addition of OPN to cell culture medium, 25 through an interaction with its receptor CD44. 26 Fourth, several studies have suggested that OPN increases tumour invasiveness by inducing proteinase, particularly uPA and MMPs, through complex signalling pathways, such as AP-1 activation, PI3-kiase/Akt-dependent or NIK-dependent NF-kB activation. [27] [28] [29] [30] [31] In the present study, we used real-time RT-PCR to demonstrate that OPN mRNA expression is significantly higher in gastric cancer tissues compared with surrounding non-tumour tissues. This observation is compatible with a previous report using a cDNA microarray method in which OPN was overexpressed in gastric cancer tissues. We found that elevated plasma OPN not only correlates with gastric cancer occurrence, but also with invasive phenotypes and patient survival. In oesophageal cancer, high plasma OPN level has been reported to correlate with lymph node metastasis and overall survival, but not with depth of invasion. 18 In metastatic breast cancer, elevated plasma OPN value has been associated with increased number of metastatic sites and poor survival.
32 Similar associations between elevated OPN level and poor survival have been reported in many other kinds of tumours, including prostate cancer, 33 adult soft tissue tumours, 34 head and neck cancer receiving radiotherapy 35 and stage I non-small-cell lung cancer. 36 37 Consistent with these observations, we found that median plasma OPN concentration is significantly higher in patients with advanced stages, serosal invasion, lymph node metastasis, lymphatic invasion, venous invasion, and liver metastasis. Logistic regression analyses confirmed that elevated plasma OPN level is associated with advanced stages, serosal invasion, lymph node metastasis, lymphatic invasion, venous invasion and liver metastasis. In the VGH validation cohort, we found similar associations. Thus, elevated plasma OPN level seems to represent a metastatic marker for gastric cancer. 38 39 In contrast to the numerous reports on the usefulness of plasma OPN as a diagnostic biomarker, the role of plasma OPN as an independent prognostic indicator has not been well investigated. In prostate cancer, plasma OPN level is associated with the presence of metastases, and correlates negatively and independently with patient survival. 40 In breast cancer, increased plasma OPN level is the most prognostic value for poor survival. 41 However, plasma OPN level is not an independent indicator of survival in oesophageal squamous cell carcinoma. 18 In the present study, we found that patients with elevated plasma OPN level have significantly poorer survival rates, especially in the subgroups of patients with invasive phenotypes, such as those with advanced stage, lymph node metastasis or serosal invasion. On Cox multivariate analysis, high OPN level was an independent prognostic factor. However, further studies are needed to validate this observation.
Compared with previous studies and the mean OPN concentration reported by ELISA, [15] [16] [17] [18] our study cohorts had lower plasma OPN levels. There are several reasons that may contribute to this discrepancy. First, most previous studies were conducted in Caucasians. Ethnic variation may lead to the different results. Second, many previous results, including ELISA, used mean instead of median to report the distribution of plasma OPN level without examining whether the distribution is Gaussian or not. In a non-Gaussian distribution, the value of mean tends to be overestimated, especially by extremely high-value outliers. To resolve this discrepancy, we suggest reporting median instead of mean of plasma OPN concentrations in the future studies. In addition, more studies based on different ethics will be also helpful.
Although plasma OPN level seems to possess potential as a diagnostic and prognostic biomarker in gastric cancer, its potential as a specific marker is doubtful. Several conditions may influence plasma OPN levels, such as age, hyperlipidemia, cardiovascular disease, diabetes, kidney disease and sepsis. 21 42 Even in patients known to have cancer, plasma OPN level may be elevated because of non-cancer causes. In the present study, we found that elderly patients had significantly higher plasma OPN level, which is consistent with a previous report showing significant positive correlation between plasma OPN level and age. 42 Further studies using multivariate analyses for these confounders are required to determine whether OPN is an independent prognostic factor.
In addition to the systemic potential confounders, various sources of OPN may influence prognostic value. 21 In breast cancer, it has been observed that OPN staining in cancer cells is associated with poor survival; whereas OPN immunopositivity in infiltrating host cells is not associated with patient survival. 43 Because OPN is not expressed specifically by tumour cells, but rather by several other tissues, it is suggested that any studies assessing the utility of OPN as a marker of tumour progression consider tissue expression specificity. 21 In the present study, we found most OPN immunopositivity in gastric cancer cells, which may partly explain the significant association between plasma OPN expression and patient outcomes in gastric cancer.
There are several limitations to our study. First, selection bias could not be completely excluded in this hospital-based casecontrol study, although we tried to enrol cases from different hospitals in three different regions of Taiwan. Future studies based on community populations will be helpful in confirming the diagnostic and prognostic performances of plasma OPN level. Second, we did not study postoperative alteration of plasma OPN levels. To be a good tumour marker, sensitive postoperative change to represent the remission or recurrence of the disease is mandatory. Third, we did not investigate environmental factors, which also play important roles in the occurrence and progression of gastric cancer.
In conclusion, this investigation has validated OPN mRNA overexpression in gastric cancer tissues and localised OPN protein expression mainly in tumour cells. Moreover, elevated plasma OPN level was found to be significantly associated with gastric cancer development, invasive phenotypes and survival. Therefore, we suggest that OPN plays an important role in the tumour development and progression of gastric cancer and that plasma OPN level has the potential to be a useful diagnostic and prognostic factor for gastric cancer. 
